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Utilization of Thermodynamics in Extractive Metallurgy
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Historically thermodynamics was developed in order to describe the relation between heat

and work, for example in steam engine. The traditional introduction to thermodynamics shows

this traditional derivation. In metallurgy the application has been to relations between heat,

temperature, pressure and chemical compositions. This field is often called metallurgical

thermodynamics. Among the various, applicability of thermodynamics to extractive metallurgical

processes, calculation methods combining stoichiometric relations with equilibrium constants

and the availability of chemical potential diagrams are emphasized. For thermodynamically

understanding of smelting processes, the phase equilibrium and distribution of minor elements

among the metal, slag, and matte phases are reviewed.
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Table 1 Chemical composition of the copper concentrate (mass%),

Au* Ag* Cu Fe S Pb Zn SiO, Al O3
8.5 57 29.9 28.1 31.2 0.07 1.06 4.46 1.25
2.7 450 25.6 29.8 35 4.33 2.2 0.96 0.14
* . mass ppm.
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Fig.1 Principal processes for extracting copper and

lead from sulfide ore.
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Fig.2 Relation between oxygen and 1/T for various
metal-oxygen system.
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Fig.3 Sulfur-Oxygen potential diagram at 1573 K.

log K :%log AXmSn — 2f’log ax — log ps»

= — AH%2.303RT + AS%/2.303R (10)

ZORD S log ps: — UT 2 L D Lo % 2 %
b TED, LALEYS, EROBEITIISEX L0
BLOS TR 2B & RRICFH S 2 2 L ATEETH
bo TZT, —EiwETlog por & log psy DEAtRE 77 712
L72RT 2 v v VEPFIH SN TS, Fig.3121573 K2
BIFDM-S-0 DA+ 7 —BHFHRT v VEiRT, ftH
272> TIEM, M,S,, M0, DiEE X an = avmsn =
avmon =18 LTW5, ZORIIBNT, (1) &9 DF
EIRIE, ENEIUKRT-LEEOHTESN, TIEDHM
THEND L TSR, LIXEMY, Gt oz
ERHIN % 5o b LB OBR TH LT o4 T
~oOFtOORIE, X (1) £ ©9) ZHIAEDLETZROT
HRIRE TR,

2 2
7 XmSn +02(g) :7 XnOu+S2 (g) (1 1)
logK :%logaxmor%axmsﬁ log ps: —logpo: (12)

SO, DA H KA THEEN S DT, FOHEERHIIER
THi &£ SN 5, Fig.3121dpsor =0.1 DFfL & —HEHL TR
LTw5, 10

(172)S2(g) + 02(g) = SOa(g),

A G =-3616600 +72.48T (13)

258

AL OB CTIE— i IC R POREEE WA+ v %
SO, & LTHETAHDT, —EDpso, FCps, i SH 7%
DO psor DML T e EZHNL, Lz2S> T, A
DFHENLEE psor BT > THOA T2 5/ EIZZbT %,
2P OMEE (ps0=0.21) ILICFIH SN, Zofk%
DFEHEE50% IRE L AT L, GMTDS0, 55 E
pso-=0.1 2750, TAHPER CEML S A 841, Kd
D psor=0.1 D—HHHIZIH> TRBAHEL L £ 2 b b,
L72255TC, ZOR5FeS, ZnS IEAPIIZ, PbS, NisSs,
CusS WIS % & 2 (S| 2 B U A eSS
bo —RRICHRALINE, F RS TERAL LERLIICZE 2 7214,
BILLTCEBESL LN TELOT, FEHRICE, iR
B LIZZORMETR-> TS, L2 LEORAIR, o
HAHA W % TR L TH CusS & LTHAESESL S
EWTE, LHLEDCuS #EALT %720 CRIBIN% A bk
TELZLENGHAh, IDTHIZHAET) AVRTIVI=
7 LB LTI b & AL o T l§ 2 #7210 25 s
TWh, INHDOILEGA F 71 2 IARE WA
HBEE OB REVD, HILWTH-THTCICHE
LD B, SRIFKICH SN G &5 128, $h, Hish &
DIEIEEUBELA T T EOBMNEALTSEY,
IS IE O BEETII VDT O REICHIAFT 2802 E
BEIL) LB DD Z LD D

Fig.3 1357 2WEOWHEXFIC1 & LTIV TH 5208
ZOHOE GOMBEERAEDE, Si0, %59, Cu-Fe-
S-0-Si0x D5 TLRIZBIT 5EE—~ v b — AT 7 OW
CAHE R A BRI AN TV, REBICE 51573 KA
T —BEFRT VT v VDI % Figd \R T X, AR
DRI 1E Cu-CusS-CurO Ol 2 773 447 T k47 1d Fe-FeS-
FeO DMIEMCHDO EN LD, FeO & FeS H3Si0, & s
HILIZE DYy N =AT SREMRDPER SN, pqgd LI
545° OTERDEND, AT 7 DFeO DIE#EIL0.3 ~0.45
BEOHTEILL, FeS DifEEILCusS HFFE L2\ FeS ¥
v b (pg#) 2HCuS <y b (CH) X T1~0FT
KELET B, L5 Txy NHDCuilETH L~ Y
MR —E DHU pq B FAT AL TR E N, fhididH At
% & A—>B—>COHMTHEFAMD , fhIAT LA D ITER
TV NEAAKREL BB T ENEHTREZETH 5,

v N —=RA7 7 OIAFF BHHPALKF O pgrstp NIZEE S
N, qriZEARSATHORIC TR, rs (ZESIFTHIRS, st
AT v 2 vV ESIC X BER< 72 7 4 b OFTHIERSE,
tp 1 psor=1 TOHEFE T TOFIRFZ /R, Bk L7z X
IIZEREIL D 2R L A AL A E 2 5 &, BLZ
ps02=0.1 DFLUIG-> TRILHHEL £ £ 2 5Nb, WHEAD
720 OFEEE 5 50 ~65 mass B Cu DYy b DL LDNT
<y MEBIT, ZOBOFET VY v VOEBILIMENTH 5,

Netsu Sokutei 36 (5) 2009



&

B
%i*‘

log po2

log ps>

Fig.4 Simplified Sulfur-Oxygen potential diagram for
the system Cu-Fe-S-SiO, at 1573 K.
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Fig.5 Activity coefficients of oxides plotted against
mole fraction of oxides in the slag at 1523 K.
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(mass%Cu)s = acuso.s(nt) Mcu / (Ycuso.s) (22)
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